Chromosomal proteins in the thymus, and liver tissues of cattle, sheep, goats and pigs were analyzed electrophoretically. Only minor differences in histone H1 subfractions could be detected between the four species. In the 300 mM NaC1 soluble fraction of nonhistone chromosomal proteins (NHCP), tissue-and species-specific qualitative and quantitative differences were found in the protein patterns. The potential practical application of the study of chromosomal proteins to animal breeding is discussed.
Introduction
Selection in animal breeding is based on the evaluation of phenotypes in parent animals and their offspring. Because of the difficulty of estimating the contribution of environmental factors to the phenotype, and because the evaluation of offspring to determine the parental genotype is both time-consuming and expensive, one would wish for a simpler and more direct method to establish the genotype that is significant for production traits or recessive hereditary diseases of an individual animal.
One approach to achieving this goal is the cytogenetical study of the genome in metaphase chromosome preparations in connection with markers and complex gene regions. Although the efforts of many laboratories have yielded refined techniques of chromosome staining, and This work was supported by the Swiss Association for Artific~l Insemination. We are thankful to Mrs. M. Holderegger for her excellent technical assistance.
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although gene mapping of farm animals is weU under way, one has to assume that these methods will be applicable only to the characterization of genetical variations due to chromosomal aberrations, such as aneuploidy, translocations, deletions and polymorphic chromosomes.
Since the DNA sequence in higher animals is far too complex to analyze biochemically, we propose to use the patterns of chromosomal proteins as markers of a given genotype. These proteins, histones and nonhistone chromosomal proteins (NHCP), have been studied widely and the role of part of the NHCP's in gene regulation has been generally accepted (Allfrey, 1974; Paul and Gilmour, 1975; Stein et al., 1975; MacGiUivray, 1976; Chiu and Hnilica, 1977; Kruh et al., 1979) . Thus, one would expect that two animals differing in genotype and phenotype would have different NHCP patterns. In fact, such differences have been found in corresponding tissues of various laboratory animals (Chiu and Hnilica, 1977) , in different tissues of animals of the same species (Platz et al., 1970; MacGillivray et al., 1972; Wu et al., 1975; Chiu and Hnilica, 1977) , during normal development (Platz et al., 1975; McConkey, 1976) and during pathological changes in tissues (Stein et al., 1978) . No attempt has yet been made, however, to apply the analysis of the NHCP's to the characterization of the genotype of farm animals.
In this paper, we present the NHCP patterns of cattle, sheep, goats and pigs. Thymus and liver tissues were utilized because (1) the isolation of chromatin from these tissues is a standard procedure, and (2) chromatin preparations of thymus and liver are used in many laboratories and thus allow comparisons with our results. mM EDTA-Na, adjusted to pH 8.0 with 1 M Tris. About 30 g of thymus tissue was thawed for 30 to 60 min in solution A, minced with a pair of scissors and then rinsed several times in solution A and twice in solution B. The tissue was homogenized in 300 ml of solution B in a household mixer 3, for 5 sec at maximum speed and for 60 sec at one-third speed. The suspension was filtered sequentially through one, two, four, eight and 16 layers of surgical gauze and subsequently twice through one layer of "Miracloth ''4. The filtrate was centrifuged for 10 min at 1000 X gS, the supernatant sucked off and the pellet redispersed in solution B. This washing procedure was repeated twice in solution B and once in solution C. The last pellets, consisting of the purified nuclear fraction, were dispersed in 200 ml of solution D and placed for 60 min on a magnetic stirrer for disruption of the nuclei. The resulting crude chromatin solution was washed in solution D by stirring for 10 min and centrifuging for 10 rain, alternately at 5,000, 5,700, 7,200 and 9,000 x gt. The last pellets were sheared in a blender 7 for 5 rain at maximum speed and Isolation of Liver Cbromatin. The method described above did not yield pure nuclear fractions from, liver tissue; hence nuclei and chromatin were isolated according to the procedure of Burgoyne et al. (1970) . Isolation of NHCP from Cbromatin. Chromatin (at a concentration corresponding to ODzez = 20) was mixed on a magnetic stirrer with the same volume of a solution containing 600 mM NaC1 and 20 mM Tris-HC1 (pH 7.2), stirred for 15 min and centrifuged at 17,500 x g6 for 15 rain. The supernatant consisted of the 300 mM NaCl-soluble NHCP's (and hence is called NH30o in this paper), which represents quantitatively about 50% of the total NHCP's (Bosshard, 1979 of solution D for at least 8 h and subsequendy freeze-dried. Isolation of NHCP from Nuclei. Purified nuclear pellets were washed once in 120 mM NaC], .5 mM EDTA-Na, adjusted to pH 8.0 with 1 M Tris, centrifuged for 10 rain at 1,000
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• g, and resuspended in 50 ml of solution D plus 50 ml 600 mM NaCI, 20 mM Tris-HCF(pH 7.2). The suspension was stirred for 15 min and centrifuged at 17,500 x g for 15 rain. The supernatant, consisting of a solution of NH 30o, was dialyzed and freeze-dried as described above. NH3oo extracts from chromatin and nuclei do not differ in their dectrophoretic pattern (lOlhne, 1977) .
Measurement of DNA and Protein Concentrations. DNA and protein concentrations were determined by measuring the optical density (OD) of the samples at 230 and 260 nm with a photometer s according to procedures described by Tuan and Bonnet (1969) , and corrected for scattering (ODazo) with correction factors given by Bonnet et al. (1968) . Burgoyne et al. (1970) and of (II) Bonner et al. (1968) . Densitometer scan of 7.5% SDS-PAGE; start left.
Polyacrylamide Gel Electropboresis (PAGE).
Electrophoresis in 7.5% SDS-polyacrylamide gels was conducted according to procedures of Lgrnmli (1970) in vertical slabs 1.5 mm thick in a Bio Rad 220 chamber 9. After pre-electrophoresis for 1 h at 220 V (constant), 10 to 25 btl samples were applied at a concentration of 2 mg protein/ml sample buffer. Electrophoresis at 200 V (constant) was stopped after the Bromphenol Blue marker of the samples had reached the bottom of the gel (90 to 120 min). The gels were stained overnight in .025% Coomassie Blue R-250, 50% methanol, 7% acetic acid; destained in 5% methanol, 7% acetic acid; photo~aphed and scanned with a densitometer 1~ The molecular weights of the proteins were determined according to procedures of Weber and Osborn (1969) , with a protein test mixture n used as a standard. cattle, sheep, goats and pigs showed no qualitative or quantitative differences in the histones H3, H2B, H2A and I-I4 (figure 1). Minor differences could be detected in the subfractions of histone H1 between pigs and the other three species; differences could also be seen in the fast moving NHCP fraction (between H1 and H3) among all four species. These latter differences will be analyzed in detail later. (Because the ratio of histone to NHCP in thymus is about 5:1, minor fractions of NHCP's cannot be visualized in gel runs of whole chromatin samples.)
Results

Comparison of Cbromosomal Proteins in
Liver Cbromatin. The histone fractions H3, H2B, H2A and H4 showed only flight variability between the four species examined (figure 2). The low titer of histone H1, especially in cattle and goats, was due to the preparation method. Chromatin isolated by the method of Bonner et al. (1968) had histone H1 fractions similar to those of thymus chromatin, but a great deal of NHCP's were lost (figure 3). Slow and fast moving fractions of NHCP differed among the four species. They are examined below. were found in all four species, of which band number 11 was predominant. Differences in the relative intensity of these bands could be seen, particularly in the bands 1, 8, 13, 14, 16 and 17 for sheep; bands 1', 3', 7, 8', 16 and 17 for goats; and bands 6 and 7 for pig tissue as compared to cattle thymus.
Comparison of NHCP's in Thymus and
Liver NHCP. As in the case of the thymus, NHCP's in the liver tissue of all animals examined had some bands in common, notably band number 8, 16 and 17 (figure 5). On the whole, differences in band intensity were smaller than with thymus, although the ratios of bands 15, 16 and 17 were different for all four species and band 15 seemed to be missing altogether in cattle tissue.
Tissue Specificity of NHCP. Densitometer scans of NHmo from the thymus and fiver of cattle, sheep, goats and pigs are shown in figures 6 through 9. In all species, thymus NHCP could be distinguished by bands 11, 13 and 14. Band 11 consisted of a protein with a mean molecular weight (MW) of 26,600 -+ 1,300 daltons and represented 8.5 + 2.8% of the total NHmo fraction. The proteins of bands 13 and 14 had a MW of 22,000 -+ 900 and 20,500 + 100 daltons, respectively, and contributed 5.7 -+ 2.1% and 3.7 -+ 1.1% of the total NH30o.
Liver tissue NHCP was characterized by band 8. Its MW was 63,500 +-1,200 daltons and its share of the total NH~x~ was 8.8 + .47%.
Discussion
We have shown that cattle, sheep, goats and pigs contain the four histones H2A, H2B, H3 and H4 in equal amounts in both the thymus and the liver. This was to be expected, since these four hJstones form the core particles of nucleosomes, which have been found to be similar in composition in all cell types so far examined (Rill, 1979; McGhee and Felsenfeld, 1980) . Histone H1 shows minor variations in the two subfractions visible in our gels. Under different electrophoretic conditions, up to six subfractions have been found in one tissue (Traub and Boeckmann, 1978) , and such subfractions show tissue and species specificity (Bustin and Stollar, 1972, 1973) . Chromosomal nonhistone proteins display large variations in the patterns found in the different cell types. Beside NHCP's with enzymatic and structural functions, there are a number of proteins involved in gene regulation (Allfrey, 1974; Paul and Gilmour, 1975; Stein et al., 1975; MacGillivray, 1976) . Whether these proteins are present in enough copies to be detected in a Coomassie-Blue-stained sodium dodecyl sulfate (SDS) gel is a point to be argued (MacGillivray, 1977) , but the fact remains that cells of different genotypes (i.e., different animal species) and cells with different gene expression (i.e., different tissues or developmental stages) display different NHCP patterns even in one-dimensional SDS gets.
In this paper, we have shown that thymus cells can be characterized by three major bands (11, 13, 14) not found in liver tissue, one of which (11) is very prominent and which has been described for calf thymus before (Bosshard, 1979) . It seems reasonable to associate this band with a tissue-specific cell function and, hence, a specific state of gene activation. An alteration in the function could indicate a mutation causing a hereditary defect. Many of the other bands vary in their relative intensity depending on the animal species. Accordingly, these proteins represent a set specific for a certain species, i.e., a certain genome.
In the liver, we also found three main bands (8, 16, 17) characteristic of this tissue in all four animal species. One of them (8) is unique in liver cells, while the other two (16, 17) are found in the thymus, as well. Bands 15, 16 and 17 have the same electrophoretic mobility as histones H2A, H2B, H3 and H4. Such bands have also been observed by Bonner (1970, 1972) , who called them bands/3 and 3, and found them to contain 35 to 40% histones. We assume that the bands we observed are contaminated with histories to the same extent, which could explain their presence in practically all of our samples. Except for these last three bands (15, 16, 17) , liver tissues of different animal species show only minor differences in the high molecular weight NHCP fractions (1 to 7). A detailed study of these proteins in a polyacrylamide gel with lower C-value-(i.e., lower acrylamide concentration)-giving better resolution of high molecular weight proteins, would be necessary to establish reliably speciesspecific differences in liver NHCP's.
Thymus and liver NHCP's were isolated by two different methods. An influence of isolation methods on the NHCP patterns was found by MacGillivray et al. (1972) while comparing a "citric acid" to a "sucrose" method; since in our experiments we used a "sucrose" isolation of nuclei for both thymus and liver, one can safely assume that the tissue-specific differences found in our samples are not artifacts.
Since up to now chromosomal proteins have been considered to be constant in their pattern within a given tissue of a species, we have chosen in this paper the protein patterns of one individual as the representative of an animal species. We are aware that in view of later practical application, one should like to have more information about the variability of the protein patterns in different individuals of the same species; in fact, we are encouraged by data The findings reported in this paper indicate that the analysis of NHCP can be a powerful tool for the characterization of the genotype and the state of gene activation that, in our opinion, can be employed in animal breeding by the correlation of NHCP patterns or single NHCP's to specific cell performances and, hence, specific phenotypes of individual animals.
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